1. Introduction
===============

Finasteride is a 5-alpha reductase enzyme inhibitor that inhibits the conversion of testosterone into the active androgen metabolite dihydrotestosterone, thereby lowering the prostate volume and serum prostate-specific antigen (PSA) levels.[@R1] Finasteride was used for the treatment of benign prostatic hyperplasia (BPH) and male pattern baldness. As we all know, androgens play an important role in the development of prostate cancer. Finasteride inhibits the conversion of androgen in the prostate.[@R2][@R3] Thus, some researchers hypothesized that finasteride could reduce prostate cancer development. Recent studies have shown a 25% decrease in prostate cancer incidence in men receiving finasteride compared to a placebo.[@R4][@R5]

Despite these recent findings, finasteride is not labeled with a prostate cancer indication and was rarely used for prostate cancer prevention.[@R6][@R7] Finasteride, at the dose used in the Prostate Cancer Prevention Trial (PCPT), was instead most commonly used to treat symptoms of benign prostatic hyperplasia (BPH).[@R8] Although it was used by millions of men for these indications, little is known about its long-term effects on the prostate. The PCPT reported a decreased incidence of prostate cancer overall but an increase in the incidence of high-grade prostate cancer with finasteride use compared to a placebo.

Recent studies have investigated the correlation between finasteride use and prostate cancer; however, they have shown contradictory results,[@R9][@R10][@R11][@R12][@R13][@R14][@R15][@R16] with some studies showing that finasteride may decrease the risk of prostate cancer and different studies showing otherwise. Moreover, some studies reported that finasteride can increase the risk of high-grade prostate cancer. Therefore, we systematically reviewed the available literature and performed a meta-analysis to evaluate the relationship between finasteride use and prostate cancer risk; this review and analysis might provide valuable insights on the biology of prostate cancer.

2. Materials and methods
========================

2.1. Literature search
----------------------

We followed the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidance and the Cochrane handbook for systematic reviews of interventions. The meta-analysis was restricted to published studies that investigated the correlation between prostate cancer and high-grade cancer rates in patients who took finasteride compared to a placebo. Two independent reviewers searched PubMed, EMBASE, Science Direct/Elsevier, MEDLINE, CNKI, and the Cochrane Library from inception to October 2018 with no language or study type restrictions. The search terms combined text words and MeSH terms. For example, the search terms for finasteride were "finasteride," "finasteride tablets" and "Finasteride Capsules" while the search terms for prostatic cancer and BPH were "prostatic cancer", "prostatic tumors", "prostate malignancies", "prostate carcinoma", "Prostate malignant diseases", "prostatic neoplasms", "cancer of prostate", "neoplasms prostate", "neoplasms prostatic", "prostate neoplasms" or "PCa" and "Benign Prostatic Hyperplasia", "Benign Prostatic Hyperplasia", "BPH" and "prostatic hyperplasia", respectively. All related articles and abstracts were retrieved. In addition, references cited within relevant reviews were retrieved by hand, and only full articles were searched.

2.2. Eligibility criteria
-------------------------

### 2.2.1. Inclusion criteria

Studies were included if patients met the diagnostic criteria of having benign prostatic hyperplasia (BPH) with a normal digital rectal examination, no clinically significant coexisting conditions and an American Urological Association symptom score of at least 4 but less than 20. This study was approved by the institutional review boards at all sites. The case groups were assigned to finasteride and the control groups were assigned to placebo. The available data were extracted from the articles and included the number of patients in the finasteride and control groups, the number of patients with prostate cancer and the number of patients with high-grade cancer.

### 2.2.2. Exclusion criteria

Studies were excluded if they involved case reports; were only published as abstracts, reports from meetings, or review articles; lacked a control population; or duplicated previous publications.

2.3. Study selection and validity assessment
--------------------------------------------

Two independent reviewers screened the titles and abstracts of all citations from the literature search. All relevant studies that appeared to meet the eligibility criteria were retrieved. If an ambiguous decision was made based on the title and abstract, then the full text was retrieved for further analysis. The final decision on eligible studies was made by reviewing articles. Disagreements were resolved by consensus or by a third reviewer. Two reviewers completed a quality assessment according to the primary criteria for nonrandomized and observational studies of the Newcastle-Ottawa Quality Assessment scale (NOS) in meta-analyses.

2.4. Data extraction and statistical analysis
---------------------------------------------

Data were extracted from the studies by 3 reviewers and included demographic data (authors, year of publication, country, number, and mean age of participants), prostate cancer outcome data and the number of high-grade prostate cancer cases. Disagreements were resolved by consensus. Quantitative meta-analysis was performed by 2 reviewers using Review Manager (RevMan) software (version 5.3, The Nordic Cochrane Centre, The Cochrane Collaboration, 2012, Copenhagen) and Stata software (version 12.0, College Station, Texas, USA). The available data were analyzed in the meta-analysis.

To calculate the combined OR and its 95% confidence interval (CI), heterogeneity was assessed using *P*-values and the *I*-square statistic (*I* ^2^) in the pooled analyses which represents the percentage of total variation across the studies.[@R24] If the *P* value was less than .1 or the *I* ^2^-value was greater than 50%, then the summary estimate was analyzed in a random-effects model. Otherwise, a fixed-effects model was applied. In addition, publication bias was detected by visual examination of the funnel plot symmetry, with asymmetry suggesting possible publication bias. It was also assessed by the Begg and Egger test in the meta-analysis. If the *P* value was less than.05, then publication bias existed.

3. Results
==========

3.1. Characteristics of the included studies
--------------------------------------------

Figure [1](#F1){ref-type="fig"} shows the detailed review process. A total of 1423 unduplicated studies were identified, and 8 studies were ultimately selected according to the eligibility criteria. After group discussion, all reviewers agreed to include all 8 papers.

![Flow diagram of the selection of eligible studies.](medi-99-e19486-g001){#F1}

Table [1](#T1){ref-type="table"} summarizes the general data from the 8 studies. The retrieved studies included 54,335 patients who used finasteride and 9197 patients who served as placebo controls. The mean ages of the finasteride and placebo groups ranged from 55 to 75.6 years and 63 to 75.6 years, respectively. All studies reported exclusion/inclusion criteria.[@R9][@R10][@R11][@R12][@R13][@R14][@R15][@R16]

###### 

Characteristics of the included studies.
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3.2. Meta-analysis
------------------

The heterogeneity test suggested a random effects model and the meta-analysis revealed that there is a significant correlation between the incidence of prostate cancer and finasteride use when comparing the finasteride and placebo groups, with an overall combined OR for the finasteride and placebo groups of 0.70 \[0.51, 0.96\] (Fig. [2](#F2){ref-type="fig"}). These results suggest that finasteride significantly reduces the risk of prostate cancer. Furthermore, a significant correlation between the rate of high-grade prostate cancer and finasteride use was observed when comparing the finasteride and placebo groups, with finasteride showing an increased risk of high-grade prostate cancer The overall combined OR for the finasteride and placebo groups was 2.10 \[1.85, 2.38\] (Fig. [3](#F3){ref-type="fig"}). Egger funnel plots (Figs. [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}) suggested that there is no publication bias in the meta-analysis. Egger regression test also indicated little evidence of publication bias (*P* \> .05) (Table [2](#T2){ref-type="table"}). We also conducted a sensitivity analysis of the meta-analysis. We omitted 1 study at a time, and the calculated combined OR for the remaining studies yielded consistent results. In the overall meta-analysis, no single study significantly changed the combined results, a finding which indicates that the results are statistically stable and reliable (Figs. [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}).

![Forest plot showing the meta-analysis outcomes of the incidence of prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g003){#F2}

![Forest plot of sub-analysis showing the meta-analysis outcomes of the high-grade prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g004){#F3}

![Egger publication bias plot of the incidence of prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g005){#F4}

![Egger publication bias plot of the incidence of high-grade prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g006){#F5}
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The Egger test of publication bias.
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![Sensitivity analysis plot of the incidence of prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g008){#F6}

![Sensitivity analysis plot of the incidence of high-grade prostate cancer rate between finasteride and placebo group.](medi-99-e19486-g009){#F7}

4. Discussion
=============

In our study, 8 literature papers were examined for differences in prostate cancer risk between the finasteride and placebo groups. Six studies[@R9][@R11][@R12][@R14][@R16] reported a significant correlation, and 1 study showed no significant correlation between the incidence of prostate cancer and finasteride use compared to the placebo group.[@R10] One study showed that the incidence of prostate cancer in the finasteride group was higher than in the placebo group.[@R15] In our meta-analysis, there was a significant difference in the risk of developing prostate cancer between the finasteride and placebo groups (Fig. [2](#F2){ref-type="fig"}A). Eight literature reports studied high-grade cancer rates in the finasteride and placebo groups, and all studies showed that finasteride increases the risk of high-grade prostate cancer[@R9][@R10][@R11][@R12][@R13][@R14][@R15][@R16] (Fig. [2](#F2){ref-type="fig"}B). These results are consistent with our meta-analysis.

Prostate cancer is one of the most frequently diagnosed malignancies in men and causes more than 250,000 deaths annually.[@R17][@R18][@R19][@R20][@R16][@R17][@R18][@R19] Although prostate cancer is the most common noncutaneous tumor in developed countries, its etiology remains poorly understood.[@R21][@R22] Androgen signaling is central to prostate cancer development and progression. A milestone in the progression of advanced prostate cancer is when it transitions from endocrine-driven to paracrine- or intracrine-driven androgen signaling, with progressive complexities in steroid hormone biosynthesis and alterations of the androgen receptor (AR).[@R23] There is abundant evidence that androgens influence the development of prostate cancer.[@R3][@R24][@R25] AR is a ligand--activated intracellular transcription factor belonging to the family of steroid hormone receptors that also includes ER, glucocorticoid receptor, progesterone receptor, and mineralocorticoid receptor.[@R26] Finasteride can up-regulate the expression of androgen receptor (AR) in benign prostatic hyperplasia and prostate cancer LNCaP cells. It is believed that the conversion of testosterone to dihydrotestosterone decreases after the use of finasteride, and the low level of dihydrotestosterone environment leads to the transformation of androgen-dependent prostate cancer to androgen-independent prostate cancer, which leads to clonal growth of high-grade prostate cancer.[@R27] Finasteride reduces the production of dihydrotestosterone. In the short run, it reduces the stimulation of hormones to normal tissues and cancer cells, and inhibits the growth of cancer cells to some extent. However, with the prolongation of time, due to long-term low-level dihydrotestosterone stimulation of the original cancer tissue, AR in cancer tissue can be up-regulated and amplified, leading to the occurrence of higher-grade prostate cancer. AR is also subject to posttranscriptional modifications, including phosphorylation, acetylation, methylation, SUMOylation, and ubiquitination together with phosphorylation. These post-transcriptional modifications alter AR functional activity, including transcriptional activity, stability, and cellular localization.[@R28] The modification and translation of AR receptor affect the occurrence and development of prostatic hyperplasia and prostate cancer.[@R29][@R30][@R31][@R32][@R33][@R34]

Finasteride treatment induces both apoptosis and a reduction in cellular volume (hormonal atrophy) in the prostate,[@R35][@R36][@R37] which leads to an overall reduction in the prostate volume. The development of the steroid 5*a*-reductase inhibitor finasteride, which inhibits the conversion of testosterone to the more potent androgen dihydrotestosterone, created an opportunity to test the possibility that lowering the androgen levels in the prostate would reduce the risk of prostate cancer. From the start of many studies, finasteride has been available for the treatment of benign prostatic hyperplasia and it has since been approved for the treatment of male pattern baldness. Although it is used by millions of men for these indications, little is known about its long-term effects on prostate health.[@R38][@R39][@R40]

Currently, many studies have reported that finasteride reduces the risk of prostate cancer in clinical trials marked by frequent disease monitoring, but finasteride is also associated with an increased risk of high-grade prostate cancer.[@R9][@R10][@R11][@R12][@R13][@R14][@R15][@R16] One possible explanation for this difference is grading bias in which histologic changes that mimic those of high-grade disease are caused by androgen-deprivation therapy.[@R41][@R42][@R43][@R44][@R45] There are, however, differences of opinion as to whether this effect occurs with finasteride use. It is possible that finasteride induces high-grade tumors by reducing the level of intracellular dihydrotestosterone within the prostate. There is evidence that the prostate tumors that develop in men with low testosterone levels have higher Gleason grades and worse outcomes than prostate cancers that develop in men with normal testosterone levels.[@R46][@R47][@R48] It is also possible that finasteride selects for high-grade tumors by selectively inhibiting low-grade tumors. Kim et al reported that lower AR expression in prostate tumor areas after short-term finasteride exposure is in line with an emerging concept that reduced androgens in prostate tissues may over time lead to derepression of AR expression, which in turn deregulates AR function and downstream derepression of specific AR target genes normally repressed by androgens.[@R49][@R50] These gene activities may lead to stochastic activation of oncogenic signaling that promotes the development of aggressive prostate cancer. However, long-term follow-up in these men and further laboratory research will be required to determine the reason for the association between finasteride use and high-grade prostate cancer.

There are some limitations in our study that need to be taken into consideration when interpreting the results of this meta-analysis. First, the sample size of each study was relatively small, and a total of 54,335 patients who used finasteride and 9197 placebo control patients were investigated in all 8 studies. Second, several studies related to the subject were excluded due to the lack of control data, especially some new studies, so the studies found in this meta-analysis was date until the year 2009. Third, in all 8 studies, the finasteride groups were assigned to 5 mg finasteride daily, and 6 studies followed for 7-year period prevalence of prostate cancer, 2 studies followed for 1-years. What\'s more, in this meta-analysis, 5 studies from America, 2 studies from china and 1 study from Finland, because of the limited amount of original research, a subgroup of finasteride and prostate cancer in different race was not conducted. Fourth, this meta-analysis did not have information on less established prostate cancer risk factors such as dietary patterns or nutrient intake (such as selenium or vitamin E). Medication users may be more health conscious than nonusers and follow a healthier diet, which could have reduced the incidence in medication users. As such, it is hard to make definitive conclusions about the long-term effects of finasteride use on the prostate.

In summary, the meta-analysis results in this paper add to the evidence of an association between finasteride use and prostate cancer. These results suggest that finasteride significantly reduces the risk of developing prostate cancer, but the malignant degree of prostate cancer might be increased by finasteride use. However, studies with larger sample sizes are needed to better elucidate the correlation between finasteride use and prostate cancer.
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